It is widely believed that quantum particles can cross a black hole event horizons. This conclusion is based on the assumption that by specific singular coordinate transformations it is possible to remove divergences in the geodesic equations. We note that, while the used singular coordinate transformations do not cause problems on the level of the classical geodesic equations, which contain the first derivatives of particle wavefunctions, they usually lead to the appearance of delta-functions in the equations of quantum particles.
Spacetime singularities are an inevitable feature for most of the solutions of the Einstein equations [1] . According to the weak censorship conjecture, the most problematic (naked) singularities that lead to several bad properties of the spacetime (such as stability and causal problems [2] ) cannot arise in physically reasonable cases and should always be screened by an observer horizon. While it should be correct at some level, the validity of censorship assumption is still an open problem -there are known physically relevant counterexamples in which naked singularities can be created from regular initial data [3] .
Spacetime does not exist separately from matter and the only way to explore gravitational field is the observations of paths of particles. While there are competing definitions of geometrical singularities, the most accepted criterion is based on the investigations of geodesic incompleteness [4, 5] . In this approach it is assumed that the existence of so called coordinate singularities (for which the curvature invariants are finite) can be avoided "repairing" geodesics by specific coordinate transformations, which themselves are singular.
The most important singular solution of the Einstein equations is the Schwarzschild metric, which corresponds to the gravitational field of a static spherically symmetric mass, including Black Holes (BH). Based on the analysis of the classical geodesic equations it was found that the BH is characterized by a surrounding event horizon, which acts as a one-way membrane (allowing particles in from the outside and preventing anything from escaping from the inside) and screens the necked singularity at the center [6] [7] [8] . However, even if one assume that the singularity problem can be swept under the event horizon, in certain conditions the horizon does not form and we get a naked singularity, which is visible in principle to external observers (see, for example, [9] and references therein).
The assumption that quantum particles can freely fell through the BH event horizon contradicts a unitary quantum theory and leads to the another problem -the BH information paradox (see the recent review [10] ). One approach to this contradiction is the introduction of a "firewall" with infinite energy density at the horizon [11, 12] . However, this solution seems to be unsatisfactory, because classically the firewall becomes a naked singularity itself, already at the BH horizon.
We note that spacetime singularities should be associated with reaching the limits of the physical validity of general relativity, i.e. quantum effects can be expected to come in and close to the singularities the model should be replaced by some kind of theory of quantum gravity. In quantum description the naked singularities cannot exist, because quantum effects remove some of the problematic features stemming from general relativity alone. Also close to a horizon some physical quantities diverge (i.e. gravitational field becomes strong) and it is insufficient to explore this region using the classical geodesic (Hamilton-Jacobi) equations. Instead one should use at least quasi-classical approximation and then obtain classical trajectories from the wavefunctions of quantum particles in geometrical-optical limit (eikonal approximation) [13] .
Einstein's gravity doesn't care about spin and close to a horizon, without losing generality, particles can be described by the Klein-Gordon equation in a curve spacetime,
For photons m = 0, while for the case of fermions one needs to obtain the equation of the type (1) from the first order Dirac's system. It is known that the Klein-Gordon wave functions associated with the classical motion formally obey the relativistic Hamilton-Jacobi equation written for the same system [14] . Indeed, in the quasi-classical approximation the scalar wave function in (1) can be expressed in terms of an amplitude and phase,
where S(x ν ) is the Hamilton principal function, which usually is used in the definition of the classical momentum,
Then the Klein-Gordon equation (1) reduces to the system of equations:
To obtain the geodesic (Hamilton-Jacobi) equation one should consider the week gravitational field and short wavelength limit (i), and neglect variations of the wave amplitude (ii), i.e.
In this approximation from (4) follows that the eikonal phase (Hamilton's principal function) can be written as:
and that p ν obeys the relativistic Hamilton-Jacobi (geodesic) equation,
Note that close to an event horizon the approximations (5) are not valid and to give conclusion about the behavior of quantum particles one needs to consider the solutions of the Klein-Gordon equation (1), not (7) . In difference with the Hamilton-Jacobi equation (7), the equation (1) contains the second derivatives of the particle wavefunction. This fact restricts the singular coordinate transformations, like introduced by Kruskal-Szekeres, Eddington-Finkelstein, Lemaître, or Gullstrand-Painlevé [7, 8] , which give delta-functions in the second derivatives. Indeed, for the case of the Schwarzschild BH of mass M, these coordinates contain either the factor √ 2M − r, or ln |2M − r|, the second derivatives of which lead to the appearance of delta-functions at r = 2M.
The example of misunderstandings with the singular coordinate transformations and using of improper boundary conditions is the appearance of the fictive delta function in the Laplace equation in spherical coordinates [15, 16] . It is known that the regular solution to the Laplace equation in Cartesian coordinates,
is done by the exponential function
where a and b are integration constants [17] . This solution is regular everywhere and at the origin is constant. After rewriting the Laplace equation (8) in spherical coordinates, without setting the adequate boundary conditions at the origin, one can obtain the fictitious singular solution in the form of the Newtonian potential,
However, this solution requires existence of the delta-function at the origin and does not corresponds to the regular boundary conditions there. In this paper we solve the Klein-Gordon equation (1) on the Schwarzschild background with the physical boundary conditions at the event horizon (obtained without performing the singular coordinate transformations) and find the exponentially real-valued time-dependent (∼ e ±ωt ) wavefunction. This solution is very different from the familiar internal [18, 19] and external [20] periodic-in-time solutions (∼ e ±iωt ) for the scalar particles in Schwarzschild. The existence of the exponentially dumping (increasing) in time solutions means that quantum particles probably do not cross the Schwarzschild horizon at all, but are absorbed or reflected by it. This potentially solves the BH singularity problems, since the event horizon appears to be the edge of an impenetrable sphere with ultra-dense matter inside, where nothing disappears and quantum effects smooth out central singularity.
Consider the infalling particles, which obey the Klein-Gordon equation (1), on the BH that is described by the Schwarzschild line element,
where
In the used system of units, c = = G = 1, the parameter 2M here corresponds to the Schwarzschild horizon and has the dimension of length. The metric (11) is highly symmetric, so in the equation (1) we can separate the variables,
where Y lm (θ, φ) are spherical harmonics. Then the Klein-Gordon equation (1) gives:
where l is the orbital angular momentum quantum number. Close to the horizon, f → 0, the mass and angular momentum terms in (14) can be ignored and after the additional separation of variables,
the equation (14) gives the system:
where C is a separation constant. To study behaviors of quantum particles close to the BH horizon one needs to obtain the solutions to the system (16)- (17) with the adequate boundary conditions at f → 0. The boundary conditions for the system (16)- (17) is usually settled assuming the existence of the crossing the horizon ingoing radial waves [21, 22] ,
where the so called Regge-Wheeler tortoise coordinate is introduced,
This brings (17) to a Schrödinger-like equation,
where the effective potential for the considered here the simplest, massless and zero angular momentum, case is:
The assumption (18) corresponds to the negative separation constant in the system (16)- (17),
However, the transformation (19) is singular and the solution (18) does not obey to the equation (17), due to the appearance of the Dirac delta function in the second derivatives of the tortoise coordinate function (19) at r = 2M. To clarify this point let us consider the model equation,
which has similar to (17) kinetic part and it is assumed that 2M = 1. It is obvious that a regular solution to (23) at the horizon, r → 1, should obey the boundary condition:
From the other hand, using the singular tortoise coordinate,
the equation (23) can be transformed to the form:
Without taking into account the existence of a δ-function in (26), one can obtain the harmonic solution, R ∼ e ±iy ,
which is valid in the whole space of the new variable, −∞ ≤ y ≤ ∞, including the horizon y → −∞ (r → 1). To find correct boundary conditions at the BH horizon let us use f (r) as an independent variable in the region 2M ≤ r ≤ ∞ (0 ≤ f ≤ 1) and rewrite (17) in the form:
where primes denote derivatives with respect to f . Close to the horizon this equation obtains the asymptotic form:
To set the physical boundary condition at the horizon we need to find a regular solution to this equation at f = 0. At first consider the case with zero separation constant and write the equation (29) in the form known from the two dimensional potential problem:
We want to emphasize that the famous logarithmic solution to this equation,
corresponds to a point-like source, δ(f ), and does not represents the solution to (30) without delta function at the right side, similar to the case with the Laplace equation (8) mentioned above. Thus the regular solution of (30) at f = 0 is done not by (31), but has the form:
Using these observations we see that the equation (29) has a regular at f = 0 solution only for a positive separation constant C [23, 24] ,
The solution to (29) with the negative C,
which is used as a boundary solution in (18), does not obey (17) , since it leads to the extra delta-like source term at the BH horizon. Note that from the boundary solution (33), which we want to use below, follows that
i.e. the probability for particles to cross the horizon is tend to zero and the infalling particles are absorbed by a BH or can be reflected from its horizon [24] . In this case the information about quantum particles does not disappears for a distant observes, what can solve the BH information paradox. Now let us look for the solution to (28) for the regular boundary condition (33), using the method of Frobenius:
where a i are some constants. The equation (28) reduces to the algebraic system for the coefficients of f i , which will be satisfied when the coefficients of each f i becomes zero. The first equation of this system (i = 1),
shows that the separation constant in the system (16)- (17) indeed is positive [23] ,
In this case from (16) we find the real-valued exponential solution [24] ,
i.e. in the Schwarzschild coordinates of a distant observer the wave function (15) has the form:
The constants a i obey the condition,
what means that the condition of convergence of the radial wave function (36),
is satisfied for
Thus the solution (40) is valid in the interesting for us region close to the Schwarzschild sphere.
To conclude, in this article we claim that it is insufficient to explore the BH event horizon region by the geodesic (Hamilton-Jacobi) equations, which contains the first derivatives of particle wavefunction components. Instead one should use at least quasi-classical approximation to the wavefunctions of quantum particles. This restricts using of the singular coordinate transformations (which introduce delta-functions in second derivatives), like Kruskal-Szekeres, EddingtonFinkelstein, Lemaître, or Gullstrand-Painlevé, in the equations of motion of quantum particles. Then, using revised boundary conditions at the BH horizon, it was found the exponentially realvalued time-dependent (decaying and increasing) wavefunctions. This means that quantum particles probably do not cross the Schwarzschild horizon, but are absorbed or reflected by it. This potentially solves the BH singularity and information problems, since the event horizon seems to surround an impenetrable sphere of the ultra-dense matter where quantum effects smooth out central singularity (similar to the case with a point-like source in classical physics) and also physical information couldn't disappear under the event horizon. Moreover, the reflected from the horizon particles could obtain energy from the gravitational field and can explain some burst-type signals in the universe, like GRBs, FRBs, ultra-high energy cosmic rays and LIGO events [24] .
